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1. Abstract 
There are many environmental issues that inflict aquatic life across the planet. Proper monitoring 
can be essential with preserving aquatic life and preventing any further damage. La Escola 
Politècnica Superior d'Enginyeria de Vilanova i la Geltrú (EPSEVG) and Laboratory of Applied 
Bioacoustics (LAB) sponsored a project, called Project ECHO, that would make monitoring aquatic life 
easier and more efficient. This project’s main goal was improve the deployment of monitoring 
equipment process LAB already had in place. 
The most prevalent issues this project aims to solve is how much energy is wasted during 
deployment of monitoring equipment and how it is not guaranteed the monitoring equipment is 
working before deployment. In order to save energy and prevent a faulty deployment, a 
bidirectional communication system can be established that will receive the operating status of the 
monitoring equipment and be able to power it on and off. 
The approach of this project was to create a remote control to act as a bidirectional communication 
system. During the discussion of how to implement this system, it was decided that a housing to 
hold the equipment and power supply should both be researched and designed. The designed 
housing eases the deployment and retrieval of the system and protects monitoring equipment at the 
necessary depths. The result is a system that is interacted with wirelessly and can be easily deployed 
for a minimum period of 6 months. 
  
2. Introduction 
For years he Laboratory of Applied Bioacoustics (LAB) has been researching the marine life. To do so 
the LAB deploys underwater housings with acoustic recording systems, aimed at monitoring aquatic 
life and registering sound pressure levels. During the years of experience the LAB has with these 
housings, they retrieved several empty hard disks. Sometimes the equipment in housing was not 
turned on or a component was damaged during transportation before deployment.  
To assure that every component in the housing is properly working and turned on, Project ECHO 
(Electronically Controlled Housing), previously Project Marine Buoy, was brought to life in 
collaboration with Escola Politècnica Superior d'Enginyeria De Vilanova I La Geltrú (EPSEVG). The aim 
of this project is to ease the deployment and retrieval of aquatic monitoring equipment. This was 
accomplished by creating an underwater housing designed to be deployed for six months and a 
system to wirelessly interact with the equipment inside. The wireless system will have bidirectional 
communication with the equipment and will display any relevant information on a remote control. 
One major issue this project solves, in addition to revealing powered off or faulty equipment, is the 
amount of energy wasted during deployment. When monitoring equipment is deployed it must be 
opened and turned on before being loaded onto its transport and shipped out to sea. The duration 
from when it is initially turned on to when it reaches the deployment site can take days, wasting 
time that could be spent monitoring the site. It is impossible to tell if the system is on without 
unsealing the equipment from its weatherproof housing. If the equipment is unsealed out at sea it 
may become damaged and unusable. The bidirectional communication system will allow a user to 
power on/off and retrieve the status of the monitoring equipment. 
In order to carry out this project, it was divided into four subprojects, creating the design of the 
housing that resists depths up to 100m, researching a power supply that can power up the system 
for at least 6 months with a duty cycle of 5min/hour, creating the design of an easy to use remote 
control and establishing a bidirectional communication system tasked with interacting with the 
aquatic monitoring equipment and displaying its status. An overview of this can be seen in figure 1.  
Figure 1.  Work Breakdown Structure 
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The project was completed by five students, listed in table 1, during their European Project Semester 
(EPS). These students worked under the supervision of Mike van der Schaar, researcher at 
Laboratory of Applied Bioacoustics and Joan Vicent Castell, professor at Escola Politècnica Superior 
d'Enginyeria De Vilanova I La Geltrú and researcher at Laboratory of Applied Bioacoustics. 
Table 1. List of team members, country of origin and specialty 
Name Country of Origin Degree Focus 
Daniel Ramirez Camargo Spain Electronic Systems 
Engineering 
Daniel Sullivan United States Electrical and Computer 
Engineering 
Birgit Brouwer Netherlands Human Technology 
Engineering 
Wei-Fan Hsueh Taiwan Electrical Engineering 
Andrea Giardino Italy Mechanical Engineering 
 
Each student was assigned to one of the subprojects to oversee its completion. The student was 
responsible for seeing the completion of their subproject’s own unique objective. 
2.1 Remote Control 
The remote-control casing was designed to be straightforward and easy to use. It is designed to be 
waterproof, shockproof, dustproof to the point that it has an ingress protection-rating of IP67. A 3D-
model of the remote casing was designed and a prototype of the remote control was completed 
during the scope of this project. The model shows the accurate layout of components of the remote 
and the prototype makes it possible to test the use of the remote. 
2.2 Electronics 
The electronics subproject’s main task was designing a bidirectional communication between the 
housing and the remote control by selecting and programming suitable electronic components. This 
information must be processed then displayed in an easy to read fashion on the remote control. The 
remote control must also be able to turn the equipment within the housing on and off. 
2.3 Power Supply 
The main objective for researching the power supply was having it be a reasonable, size so it fits 
within the housing, and it must be able to power the system for at least six months. In addition, the 
weight must be low enough so when the housing is sealed it can be maneuvered manually and it 
must be as environmentally friendly as possible. 
2.4 Housing 
The 3D housing was designed to resist water pressure up to 100 meter depths for six months. It is 
sealed in order to prevent water intrusion and made of a material that will not affect the 
environment. Stored within the housing is the electronic equipment and power supply. The housing 
was designed to be easily deployable, recoverable, sealed and opened once recovered from the sea. 
  
 3. Remote Control 
3.1 Overview 
The remote control design is not only about the casing of the remote but also it’s the user-
friendliness. The user-friendliness encompasses the buttons that will be used, the shell it will be 
housed in and the display where the text will be displayed. It was important to not only design the 
way it looks on the outside, but the way the inside is managed as well. 
3.2 Assumptions 
The remote will be operated at the sea and potentially in cold environments, the assumption is 
made that the user should be able to operate it while wearing gloves.  The remote should be able to 
work in varying environments, most notably a cold and wet environment. This means the remote 
should not be affected by what environment it is used in. For unstable environments, such as a boats 
out at sea, it is important the remote contains a safety measure preventing the remote from falling. 
The way this safety measure works can influence the design of the remote control. Furthermore, 
equipment can be deployed during the day and at night. To compensate for this the display of the 
remote control must be readable in varying light conditions. This means the display will use a 
backlight during low light conditions. In order to conserve power when the remote is not being used, 
the user should be able to turn it off if. 
 
3.3 Methods 
The remote subproject started with a talk to the supervisors of Project ECHO, who represent the 
users. During this conversation the use of the remote control and their vision was explained. It 
became clear that the most important part of the remote control is, the option to turn the 
equipment in the housing on and off without the possibility of doing this on accident. It was 
explained that the equipment gets turned on and sealed before shipping and that it is difficult to 
access the equipment after it was already sealed. Due to the amount of movement as the 
equipment is maneuvered during transportation, the users are not sure if it works properly at the 
moment of deployment. In order to solve this problem, the remote control shows the status of the 
equipment wirelessly. 
The design process started with these requirements in mind. To turn the remote control on a switch 
or button is needed, to show the status a display will be used, to power on and off the housing 
equipment and manipulate data on the display left, right, okay and power buttons will be used. After 
deciding what components would be in the remote control the top plane was designed, shown in 
figure 2. 
 Figure 2. Top plane of the remote control 
The LEDs are above the display so they are directly visible. The display is in the middle because it is 
the most important part. The on/off button for the housing is large on the right side above the 
display, this makes it easily seen and accessed. The direction buttons are below on either side of the 
display, the side it is on corresponds with the direction of that button. Lastly the okay-button is in 
the center underneath the display.  
Next a 3D-model of the remote control was drawn. To complete the model the components had to 
be selected in order to get the right measurement. The first component selected was the display 
since this is the largest component. This selection had to be coordinated with the electronics 
subproject to select a display with an appropriate price, size, compatibility and power consumption. 
After selecting the display, how the remote control would be powered and how the power supply 
would fit into it was determined. Last, the buttons were selected based on its purpose and 
placement. The choices that were made for the components are shown in appendix A. The complete 
3D model is shown in figure 3.  
 
Figure 3. 3D Model of Remote Control 
The 3D-model clearly shows the on/off button, for the housing equipment, is tilled above the casing 
and its edges are higher than the button itself to prevent it being pressed by accident. Other design 
features are better portrayed as well. For instance, the edge of the two parts of the remote control 
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and the hole for the wristband. Based on the 3D model a prototype was assembled to be used for 
testing purposes, shown in figure 4. 
 
Figure 4. Prototype used for Testing Purposes 
A 3D model was not the only portion of the remote control subproject, a display layout had to be 
designed as well. It was important to keep in mind how the remote will be used and programmed for 
the display layout. The design started with sketching the ideal situation. Based on the ideal situation, 
several prototypes were designed and tested by the users. The users provided feedback and the 
designs were adjusted accordingly and retested. The general flow of how the layout will be 
presented to the user is shown in appendix B. 
3.4 Summary 
During the remote control subproject, a 3D-model of the remote control was designed based on 
user friendliness and the components that were selected for the most optimal use. Besides the 
physical appearances, the components in the remote control were selected and distributed so the 
remote can be as small as possible. Finally, the way the remote control is used was designed to a 
have a display layout that could be cycled through easily. All the objectives of the remote control 
were met and exceeded with the manufacturing of the prototype.   
  
4. Electronics 
4.1 Overview 
The objective of the electronics team is to establish bidirectional communication between a remote 
control and an underwater monitoring system by selecting and programming suitable electronic 
components. This objective will be completed by using two microcontrollers, two transceivers, and a 
LCD display. Each microcontroller will be paired with a transceiver and programmed to transmit and 
receive data over radio waves. The user can interact with the remote control in order to send 
commands to the monitoring equipment. The data received from the underwater monitoring system 
by the remote control will be displayed for the user on the LCD display.  
4.2 Assumptions 
For the bidirectional communication system, several assumptions were made. The system will not be 
designed to work underwater but instead on the surface before the housing was launched into the 
sea. This assumption was made since sea water acts as a partial conductor which attenuates any 
radio signal that attempts to pass through. For effective underwater communication very low 
frequencies, large antenna systems and a large amount of power is needed [1].Creating such a 
system would be expensive and cumbersome. The remote control is designed to be used within 10 
meters from the housing, on the surface and without any obstructions between the remote and the 
housing. 
The underwater monitoring equipment that will be sending data to the remote control is provided 
by our sponsor LAB. This equipment will be observed by the microcontroller and any relevant 
information about its functioning status will be sent to the remote control. The retrieval of 
information by the microcontroller will be done in a separate project. The only command that will be 
sent from the remote control would be to power off the underwater monitoring equipment. 
4.3 Components Selected 
The components that needed to be researched and selected were the microcontroller, transceiver, 
LCD display and various minor components such as a MAX3232 convertor, voltage regulator and 
LEDs. 
Microcontroller 
Several products were examined before the final decision was made. A microcontroller from the 
MSP430 family was one of the first decisions made. This was selected because it was recommended 
by one of the project consultants, and the project supervisors have had experience working with 
them in the past. The MSP430 family has a low power mode that does not require any extra 
programming, which conserves energy if the housing must remain in use for long periods of time [2]. 
The microcontroller was then narrowed down to the MSP430G2433IN20. 
The MSP430G2433IN20 was chosen because of its lower power consumption, cost, pin count, and 
the Universal Serial Communication Interface (USCI) supports Universal Asynchronous 
Receiver/Transmitter (UART) and Serial Peripheral Interface (SPI). There are two ports on the 
MSP430G2433IN20, port one supports both UART and SPI while port two supports SPI [3]. The 
amount of pins and ports on the microcontroller allow all other components to be connected easily. 
  
Peripherals: Display and Transceiver 
One of the most important choices was the selection of protocols of each component, either UART, 
SPI or I2C. The limitation dealt with was the MSP430G2433IN20 has only 1 SPI port and 1 that can be 
used with either SPI, UART or I2C. It was vital to use the minimum amount of general purpose pins 
so other projects could be integrated with the same microcontroller and there is room for 
improvement, in case any unexpected problem occured. 
The main characteristics that focused on for the LCD display were: low amount of pins used for the 
microcontroller, low voltage and power usage and a display size big enough for displaying the 
amount of information necessary. The final choice was the 4x20 LCD serial display from Parallax Inc., 
which uses a UART (serial) protocol communication with the microcontroller. It is asynchronous, 
conserving pins since it does not require a clock to function. The voltage used by the display is 5V 
with 100mW of potency. The size of the display is 4 rows of 20 ASCII characters, big enough to 
display all information required and navigate comfortably through the menus [4]. 
The objective for selecting the transceiver was to select one that is cheap and had a low operating 
frequency. The frequency range was selected using the industrial, scientific and medical radio bands 
(ISM bands), which are the regulatory laws that define the frequencies allowed for any scientific 
project. The frequency range decided was below 1 GHz, since there were a wide variety of 
transceivers that work at this range and the lower the frequency the greater depths it can transmit 
under water. The transceiver selected was the ALPHA TRX433S. This transceiver has output power of 
25dBm and a sensitivity of -105dBm, a transmission range of approximately 300m and a maximum 
5.4Vdc operating voltage [5]. The frequency range is also allowed in all Europe, Africa and Middle 
East. Otherwise it is subject to local acceptance. 
Minor components 
Once all the major components were selected, minor components were selected to solve additional 
issues in order to create an acceptable design for our project. 
The microcontroller from the underwater housing needs a level converter to communicate with the 
on-board PC. To fix this issue, the component MAX-3232 of Maxim Integrated was used. This enables 
relevant information from the microcontroller (3,3V TTL) to be converted to RS-232 (+-12V) so it can 
be interpreted by the computer. Once the data could seamlessly be sent between the computer and 
microcontroller, the next issue to solve was supplying the right amount of power for each 
component. 
The voltage necessary to power-up all the components from the design is not the same. There are 
some components which need 12V (the on-board computer), 5V (display) and 3,3V (transceiver and 
microcontrollers). In order to solve this, the LP2950 voltage regulator was used to adapt the 12V on 
the underwater housing to 3,3V and the 6V from the remote control to 3,3V. The voltage regulator, 
MC7806CTG, is used in addition to the LP2950 to maintain a steady voltage.  
4.4 Results 
Hardware 
Project ECHO must integrate effortlessly with the current underwater monitoring system already 
designed. Figures 5 and 6 show how Project ECHO is connected to the underwater monitoring 
equipment and how the components are connected within the remote control. 
 Figure 5. Underwater Housing Block Diagram 
Figure 5 shows the block diagram of the underwater housing within the scope of this project. This 
means that only components used by project ECHO are shown. The computer and hydrophone were 
equipment provided by LAB. 
 
Figure 6. Remote Control Block Diagram 
The block diagram for the remote control, shown in figure 6, is simpler than the underwater 
housing’s diagram since it there are far fewer components involved with it. Everything is connected 
through the microcontroller, using either UART, SPI or a general purpose pin. The green lines in both 
figures represent power not data being transmitted. Figure 5 and 6 were used to get a general 
understanding of what components are needed and how they will be arranged. Once the block 
diagrams were finished, pin diagrams were created in order to create a more specific layout of the 
components. 
As shown in appendix C1 and C2, there are pin diagrams for the remote control and for the 
microcontroller in the underwater housing. The pin diagram for the underwater housing shows the 
final distribution of pins of the microcontroller. Some pins are shared since the SPI pins were needed 
by a separate project. When the separate project is not using the SPI pins, project ECHO uses them 
to send data via the transceiver. 
Software 
Display Program 
The goal for the displaying information was to have any valuable information received displayed in 
an easy to read fashion. The information on the display can be changed by pressing the left and right 
arrow keys on the remote to cycle through all available information. Operation of the display 
required a UART connection to be established. Once the UART connection is configured, any ASCII 
characters sent from the microcontroller to the display will be shown [4].  
Several arrays were used to hold information to be shown on the display. After the microcontroller 
parses through the information received from the on board computer, changes are made to the 
arrays to show the current status of the underwater monitoring equipment. An array is then sent 
over the UART connection to the display to be shown to the user. Anytime the left or right buttons 
are pushed a new array with new information is sent to be displayed. Having separate arrays for 
each group of information allows the information displayed to be changed easily, since each array is 
the exact size of the display. 
The first portion of the program sets internal basic parameters, used to configure the 
microcontroller. For example the watchdog timer, the direction of the pins and the internal clock. 
This allows interaction between the hardware and software of the remote control. After basic 
parameters are set, the UART port of the microcontroller is configured. Since the UART port pins can 
have more than one purpose, it is necessary to define them solely as UART pins. 
For a UART connection, a baud rate needs to be defined, this means the microcontroller and the 
display are programmed at the same speed for the data transmission. A baud rate of 9600 was 
selected and set in the code through the registers UCABR0 and UCABR1. At this point, the code 
initializes the UART state machine and starts sending the ASCII characters when prompted. The 
UART configuration for the microcontroller was based on open source code provided by 
bennthomsen.wordpress.com [6]. A detailed flowchart of how data is sent to the display through the 
microcontroller can be found in appendix D. The two second delay at the end of the flowchart allows 
time for all components to finish initializing. 
Initial testing involved setting up a UART connection between the microcontroller and a personal 
computer using a program called PuTTY. PuTTY allowed information to be sent over the UART 
section and displayed on the computer, removing the LCD display as a factor to test the software. 
After the software was confirmed to be operational the display was connected, pin connections are 
shown in appendix C, and tested. Example programs used to test the UART connection can be found 
in the appendix E. 
Configuring the transceiver 
Before data can be sent or received and displayed the transceiver must be properly configured. The 
portion of the program dedicated to configuring the transceiver is shown in figure 7. 
 Figure 7. Example code of the transceiver configuration 
To find the proper configuration settings, it was necessary to check the datasheet for the transceiver 
[5]. The first byte of the command is used as the header of the command, with this the transceiver 
understands what settings are configured. The second byte is how those setting should be set. In 
total, there are two bytes for every command, represented by four hexadecimal numbers. One 
hexadecimal character represents one byte. The list of commands is shown in table 2. 
Table 2: List of commands used for the correct configuration of the transceiver 
Command Explanation Value 
Configuration setting Enables transmit register, selects frequency 433MHz 80D3 
Power management Enables transmitter, disables transceiver own CLK 8239 
Power management Enables receiver, disables transceiver own CLK 8299 
Frequency setting Exact frequency set (434MHz) A640 
Data rate Data rate set (4,8kbps) C647 
Receiver control Baseband bandwidth (134kHz), LNA gain (0dBm) and DRSII 
threshold (-103dBm) set. 
94A0 
Data filter Analog RC filter as the data filter CA81 
FIFO and reset mode Set FIFO interrupt, not used in our codes CED4 
Automatic freq. control Enables AFC to solve possible drifting of frequency C483 
TX configuration control Set frequency deviation (90kHz) and output power(0dBm) 9850 
PLL setting Gives information about the CLK used by the MC CC57 
Low battery detector and 
microcontroller clock 
divider 
Gives exact value of the clock used for the SPI 
communication (1MHz) and the threshold voltage of the 
low battery detector (2,2V) 
C000 
 
The table shows a brief explanation and the values selected. There are several online calculators to 
calculate what commands should be used but the recommended one is by jeelabs.org [7]. 
Sending information code 
The next step for the project was to create a program that sends data from one transceiver to 
another. Figure 8 shows the flow chart of the code, and in the appendix F it is shown the full code. 
 Figure 8. Flowchart for sending information between transceivers 
The main program starts with a one millisecond delay used to give time enough for the transceiver 
and other components to be set up. After that, the microcontroller configures its own ports, the SPI 
communication and initializes the USCI state machine. Once this is done, the transceiver is 
configured properly according to the parameters selected in the previous section and starts sending 
data through the transceiver. 
Flow chart for final program 
Figure 9 shows the flowchart for the new remote control code and in figure 10 the flowchart for the 
underwater housing is displayed. It is important to state that for these flowcharts the vertical 
connections represent continuity or an affirmative response and the horizontal lines represent a 
negative responds.  
    
Figure 9. Flowchart for the remote control code  Figure 10. Flowchart for the housing code 
Underwater housing prototype 
In order to simulate the underwater housing prototype, without having access to the on-board 
computer and recording system, the launchpad from Texas Instruments was used. With the 
launchpad it is possible to connect the microcontroller to a computer and simulate a UART 
connection. The first prototype was constructed with the launchpad and used to implement both 
the remote control codes and the underwater housing codes, seen in figure 11, it is a simple board 
where all the components are soldered in order to test different functionalities of the 
microcontroller. 
 Figure 11. First prototype created  
Remote control prototype  
For constructing the Remote Control several steps had to be taken. First the components had to be 
selected and the datasheets reviewed in order to identify the schematic circuits which were needed 
for the Remote Control. 
After identifying the schematic circuits a drawing was made in which all the components were 
connected. The drawing was transferred to a digital version and the footprints were inserted, shown 
in appendix G. The drawing was converted to a PBC layout and the components were 
interconnected.  
To make the physical product the circuit board was printed and the components were soldered on. 
After testing the board with the components the remote was assembled, the case was processed 
and the components inserted.  
 
 
 
Figure 12. Circuit Board for the remote control. 
4.5 Summary 
The objective for the electronics portion was to create bidirectional communication between the 
underwater monitoring system and remote control. Bidirectional communication was created by 
using two microcontroller transceiver pairs. The microcontrollers would use the transceivers to send 
data wirelessly. The current state of the project allows data to be projected and manipulated on the 
remote control display. A program was written and tested for the transceivers to transmit data. 
However, the program for receiving data was not tested fully due to time constraints and is not 
currently operational. It is recommended to look at open source code that integrates the MSP430 
and a transceiver similar to the ALPHA TRX433S [8], for further advancement of this project. Due to 
time restrictions this code’s way of transmission through an ALPHA TRX433S could not be 
implemented within project ECHO. Although the project does not fulfill all expectations, a general 
layout and protocol was developed in the program so that once every portion of the project is 
operational it would be easy to implement. 
 
  
5. Power Supply 
5.4 Housing Power Supply 
One of the requirements in the objectives is that the housing is deployed for at least six months. 
During these six months the equipment in the housing is not obligated to record constantly but 
instead record at least 5 minutes every hour. Figure 13 shows the status of the equipment within the 
housing during one hour (one cycle). Using figure 13, it is easier to see the average power. 
 
 
Figure 13. Power Distribution for One Cycle 
Shown in figure 13 are several components within the housing, the microcontroller, transceiver, 
hydrophone and computer. Each of these components has their own power cycle to meet.   
The microcontroller consumes barely any power, therefore it will remain powered on at all times to 
monitor the status of the rest of the equipment. The transceiver will be in active mode for 
10mins/hour, after that it will go in standby mode for 20mins/hour and finally it will turn off for the 
rest of the hour. The hydrophone and computer will be turned on 5mins/hour to record the aquatic 
life. With these duty cycles in mind the power consumption of the equipment in the housing can be 
calculated, shown in table 3. 
Table 3. Distribution of Power Consumption for Housing Equipment 
 Voltage 
(V) 
Current (A) Hours Active (h) Power (Wh) 
Hyrdophone 5 0,1 0,083 0,042 
Computer 5 1,6 0,083 0,667 
Microcontroller 3,3 0,00023 1 7,59x10-4 
Transceiver (active) 3,3 0,021 0,167 0,01155 
Transceiver (standby) 3,3 0,003 0,333 0,0033 
     
   Total Power for 5 
min/hour 
0,725 Wh 
   Total Power for 5 
min/hour for 6 months 
3175,5 W 
Active Standby 
Microcontroller 
Transceiver 
Hydrophone 
and computer 
5 10 30 60 
T(m) 
0 
Using table 3, it can be seen that a battery that could produce 3175,5 Watts of power for a period of 
six months is required. It was preferred by the supervisors, however, if the battery exceeded this 
requirement and produced more power.  
After researching different battery chemistries, three chemistries were found compatible with the 
power production, lead acid, alkaline and lithium-ion. The lead acid chemistry proved to be too 
heavy and the alkaline chemistry would take too much time to assemble, only the lithium ion was 
found to be suitable.  
The lithium ion battery has an electric potential of 12V and an electric charge of 300Ah. The 
calculation below shows that with only one lithium ion battery the housing works for more than six 
months. Given the lithium ion battery produces 3600 Wh and only 0,725 Wh is required by the 
system for 5 min every hour, the lithium ion battery will be able to power the system for six months 
and 24 days, exceeding the requirements. 
5.5 Remote control Power Supply 
The power supply for the remote control must power the system for as long as required. This means 
it must last long enough to where it will not be cumbersome to change or recharge the power 
supply. Since the system will not be used frequently, the decision was made to use AAA alkaline 
batteries, since these batteries have a high energy density and are easy to replace when needed. In 
order to obtain at least 5 volt, the highest voltage required by the components, four of these 
batteries have to be used, resulting in a total supply voltage of 6 volts. The total power consumption 
and duration the remote can be used is shown in table 4. 
Table 4. Distribution of Power Consumption for Remote control. 
 Voltage (V) Current (A) Power (Wh) 
Parallax Display 5 0,020 0,1 
Transceiver (active) 3,3 0,021 0,01155 
Microcontroller 3,3 0,00023 7,59x10-4 
    
  Total Power 
Consumed 
0,17Wh 
  Total Power Supplied 7.5Wh 
  Hours of Use 44.12 h 
 
Summary 
In this section of the report, a study of the power consumption for both the remote control and the 
underwater housing, components was made. Different batteries were selected for every part of the 
project. A lithium-ion battery was selected that will allow the recording system to operate 
autonomously for more than 6 months, and AAA Alkaline batteries are used to power up the remote 
control, that could work non-stop for more than 40 hours. 
  
6. Housing 
6.1 Overview 
The goal of the mechanical portion of this project was to design and model a housing that will 
contain the electronic equipment and power supply for an aquatic monitoring system. The housing is 
modeled so there is a position for the hydrophone to be exposed to the environment. The shape of 
the housing is able to withstand water pressure up to 100 meters and last for 6 months. Within the 
housing there are separate spaces for the batteries and electronic equipment connected with a 
series of cables. The housing can be sealed and is waterproof to prevent anything that could damage 
the materials placed inside. The method of closure is easy to open once the housing is recovered 
from deployment. Material was researched and selected to be suitable for the housing and will 
minimize its impact on the surroundings. This material is strong enough to withstand the necessary 
pressure. Finally, the housing is easily deployable and recoverable. The software used to model the 
housing was Solidworks. 
6.2 Shape 
The most important factor for the shape is that it must resist depths up to 100 meters in the sea. The 
most efficient shape to overcome this factor is a cylindrical or spherical shape. A round surface 
creates an even pressure on the whole surface, and it limits the presence of sharp edges, that are 
subject to increased corrosion. A round shape will provide the best pressure tolerance with the least 
amount of material. A cylinder was chosen, shown in figure 14, because a sphere is unpractical, 
expensive to manufacture and reduces the internal usable space for components which are usually 
rectangular or square.  
 
Figure 14. Cylindrical Housing Design 
However it is not possible to deploy a cylindrical housing in all the subsea environments, due to a 
Trawl Resistant Bottom Mound (TRBM) that has to be deployed with it. The TRBM prevents fishing 
nets from catching the housing. To make it possible to deploy the housing in different environments, 
other shapes where researched. In the best fitted shape, one side of the housing is cut to create a 
flat surface that will turn to the sea floor, shown in figure 15.  
 Figure 15.  Cylindrical Housing with Flat Bottom Design 
This allows easier deployment of the housing and limits the housing’s movement while on the sea 
floor. This kind of housing will not be mounted in a TRBM to deploy it directly on the sea floor, so it 
can only be used in a MPA (Marine Protected Area) where there are not problems with fishermen 
nets. Before the deployment the seafloor has to be checked, to avoid problems with the stability of 
the housing.   
6.3 Internal Housing 
The size of the housing was determined by the dimensions of the power supply and electronic 
equipment placed inside. The housing does not only fit the power supply and the electronic 
equipment, there is space for the connections and cables as well.  Initially the electronic equipment 
and power supply were in a single case within the housing. This option was quickly discarded since 
both components generate heat which can damage the equipment. During the designing of the 
insertion of the power supply and electronic equipment, it was crucial to communicate with the 
power supply and the electronic teams to know the exact shape and weight required. Since the 
housing must be handled manually, the size and weight must be within an acceptable range. 
Several techniques were examined to find the best way to store the power supply within the 
housing. One of the initial ideas was to create “walls” inside the housing to form a square space. 
However, this option is difficult to manufacture and was discarded. A second option was to store the 
components in a case, however the heat generated from the electronics will not be able to be 
released this way. So it was decided to store the components in a single frame directly connected to 
the endcap. This way the heat can travel through the brackets to the endcap and be released into 
the environment. With this storage technique the power supply and the electronic equipment can 
be inserted during the closing of the housing. The structure that holds the equipment is slightly 
smaller than the perimeter of inside of the housing´s body, to allow the structure to slide in. Shown 
in figure 16 is the internal frame for the “cut-housing” and “cylindrical-housing”. Storage systems for 
both are the same.  
          
Figure 16. Internal frame for cut Housing (left) internal frame for cylindrical housing (right) 
In the frame two large holes are visible. One is used to hold the hydrophone, the other is used to 
place a pressure relief valve in the endcap, and the purpose will be explained later. PVC is used for 
the frame because it is light but very strong. The calculations from the power supply team gave the 
dimensions of 490,22 x 266,7 x 228,6 mm and a weight of 42,18 kg, for the battery. This means a 
space of this size had to be designed in the frame to keep the battery in position. This space is 
connected to the endcap with hexagonal screws (AB ISO 4014 M6x30). As a result four threaded 
holes in the frame were needed, as shown in figure 17. The same four holes were also in the 
cylindrical shape. 
 
Figure 17. Top cover placed over the battery in the internal frame 
Another square space was designed to secure the positioning of the electronics. B-Core (control 
unity) is stored in an aluminum case (220x145x102 mm) with the right holes to allow the positioning 
of connectors and cables used to connect it to the battery and hydrophone. In the frame two walls 
are manufactured to receive this case and keep it in position. In figure 18 the electronic case and the 
space used, in the frame to place it, is seen. 
                 
Figure 18. Space taken by electronics (left) Casing for the electronics (right) 
In the square space for the electronics there is extra room for the passage of the cables. This space 
can also be used to store other electronic equipment, for example a transceiver, if there is not 
enough space in the aluminum case. The internal diameter of the body of the housing will allow 
space for the passage of various cables. Finally the frame is connected to the endcap through six 
hexagonal screws (AB ISO 4017 M16x30). 
6.4 Closure System and Endcap Design 
The closure system must completely seal off the housing and must be easy to open after the housing 
is recovered. It was decided to create a single opening on the side of the housing to limit the failure 
points. A flat endcap was chosen to cover the opening since it is easy to machine, install and multiple 
closure methods are available. The flat surface is ideal for the positioning of connectors and other 
components, for instance the hydrophone.  Figure 19 shows the endcap design for the cut cylinder 
housing. 
 
                     
Figure 19. Top view of the endcap (left) bottom view of the endcap (right) 
 
 
Figure 19 shows two large holes for the hydrophone and the pressure relief valve. The several 
smaller holes are used to close the endcap with the body through fasteners. The top portion of the 
endcap shows the handle used to aid in the deployment and retrieval of the housing. This handle’s 
structure is strong enough to support the housing’s whole weight and can have a rope and an 
acoustic release system attached to it. The cylinder housing does not require the handle since it will 
be mounted in a TRBM. 
The closure method used is the 'bolt-through' method which utilizes easily replaceable standard 
fasteners (nuts and screws). However these fasteners are made of stainless steel, since the housing 
is made of aluminum there could be corrosion and oxidation problems. It’s very important to isolate 
the different metals. The isolation method chosen is formed by plastic (ABS) shoulder washers 
positioned between the fasteners and the endcap. Figure 20 shows the screw, nut and washers 
used. 
 
Figure 20. Assembled screw, nut and washer used to close the endcap 
 
The advantage of nuts and screws is they can easily be replaced in a short time if damaged. For the 
cylinder ten bolts (ten hexagonal screws AB ISO 4014 M16x80 and ten hexagonal nuts C ISO 4034 
M16) are used that connect the endcap with the body through the “crowns” of the two components. 
For the “cut-shape” seven bolts (seven hexagonal screws AB ISO 4014 M16x80 and seven hexagonal 
nuts C ISO 4034 M16) and two hexagonal screws (AB ISO 4017 M16x55) are used and screwed in the 
body. In the inner side of the endcap there are six threaded holes to receive screws used to connect 
the PVC frame.  The diameter of the endcap (taking out the crown) has two grooves, O-rings of 
rubber, to isolate the housing. The hydrophone will be placed outside the housing in the endcap. 
There will be a hole in the endcap to allow the hydrophone to be connected to the rest of the 
equipment through a connector in correspondence of this hole. 
Finally on the endcap, since it is a plane surface offering more stability, there is a pressure relief 
valve. This is a safety measure to handle any pressure build up if something goes wrong with the 
power supply. If the power supply is damaged the housing prevents any damage to the environment 
and prevent further damage to the equipment inside the housing. A power supply malfunction may 
dispel gas within the housing, so a pressure relief valve was placed on the surface of the housing. 
This will allow people to relieve any pressure that may have built up in the housing during 
deployment. The valve is made out of aluminum so is necessary to place a plastic washer between it 
and the endcap. Shown in figure 21 is the connector for the hydrophone and the valve mounted on 
the endcap. 
          
Figure 21. Hydrophone connecter and pressure relief valve, outside view (left) and inside view (right) 
Figure 22 shows the mounted assembly composed of the endcap (with valve and connector) and 
frame (holding the battery and electronic case), for the cylindrical and cut housing. 
            
Figure 22. Assembled internal frame of the housing 
The thickness of the endcap was studied with the F.E.A. analysis and it had to be wide enough in 
order to permit the positioning of the valve, the connector and support the frame holding the 
battery and the electronic equipment. 
6.5 FEA Analysis 
In order to find the right dimensions and materials for the housing a F.E.A. (Finite Element Analysis) 
was done, this is a static analysis. In mathematics, the finite element method (FEM) is a numerical 
technique for finding approximate solutions to boundary value problems for partial differential 
equations. It divides the problem domain into smaller portions, called finite elements, and applies 
varied methods from the calculus of variations to solve the problem by minimizing an associated 
error function. Finite elements, or small subdomains, use methods to connect simple equations to 
solve a complex equation over a larger domain [9]. In other words the surface of the housing is 
divided in several simpler geometries such as triangles the behavior of each of these parts is studied. 
Then the software (Solidworks) constructs the behavior of the whole housing. The creation of these 
triangles is called “mesh generation”. 
On every triangle a force is applied that represents the pressure of the sea. On the external surface 
of the housing a pressure of 10 atmospheres, that equals to about 1,01325 megapascals (MPa), is 
applied. This is the pressure of the deployment depth, 100 meters under the surface of the sea. 
There is an internal pressure on the internal surface of the housing with a value of 1 ATM = 0,101325 
MPa that represents the surface terrestrial pressure. Finally a constraint is applied along the 
conjuncture of the body with its crown. Figure 23 shows the application of loads and constraints, the 
analysis was done on both housing designs but only the cylinder is shown.  
           
Figure 23. Results from FEA analysis on cylindrical housing shape 
The analysis is done without the internal components and without the valve and the connector for 
the hydrophone since the goal is to find the right thickness of the external walls. The contents don’t 
influence them since nothing is added to the external frame of the housing. The analysis was done 
with two different materials, changing the thickness of the walls. It is necessary to find the right 
combination of weight, thickness and relevant price of material. The right point needed to be found 
that had the optimal characteristics to fulfill all requirements without being too costly. 
Material choosing 
The choice of the material for the housing was between an aluminum alloy (6061 series) and a 
plastic called Delrin, also known as polyoxymethylene. For the aluminum a 6000 series is chosen 
since the 7000 series has a worse corrosion and the 2000 series is too weak. These two materials 
appear to be the most suitable for the housing. They are strong, corrosion resistance, compatible 
with other materials, compatible with working fluids, tough and thermal conductive. In addition they 
are the cheapest on the market and the easiest to machine. Although aluminum is cheaper than 
Delrin, 1,59 €/kg  for aluminum and 3,17 €/kg for Delrin, and easier to machine, aluminum is stiffer 
and stronger than Delrin but heavier. The weight can be advantage since the housing must sink to 
the sea floor. It is a disadvantage since the price increases quickly. The breaking point of the 
aluminum is 275 MPa while that of Delrin is at 63 MPa. This means that aluminum is stronger and 
allow thinner walls. Although aluminum is stronger it presents the problem of metal corrosion. 
Plastic washers must be used to isolate the housing from the fasteners and prevent corrosion. 
Aluminum must also be anodized for best performance. Delrin does not have a problem with metal 
corrosion but there is a problem of water absorption 
The balance between advantages and disadvantages for the different materials similar. To find the 
final weight for a Delrin and an aluminum housing it was necessary to do a F.E.A. analysis. This made 
it possible to check the price for both circumstances. In the analysis the behavior for both housing 
designs is visible. For both of the materials the weak points are in the same area, however, when 
applying the same force on either housing the results are different. In the following sections the 
analysis done on cut shape and on the cylinder will be explained. Figure 24 identifies different 
portions of the housing design to avoid confusion during the explanation. 
 
 Figure 24. Labels for different portions of the housing design 
It is important to remember that values of tension, deformation and deformation are checked in the 
middle of flat and round faces. 
Cut Shape 
Using the same thickness of the cut face (30 mm), the round face (10 mm) and the bottom face (20 
mm) the aluminum housing is fulfills expectations, but the Delrin one yields. Listed in table 5 the first 
results are shown: 
Table 5. Results from FEA analysis on both housing designs 
WALLS (FACES) THICKNESS 
[mm] 
TENSION [MPa] DEFORMATION [%] DISPLACEMENT [mm] 
ALUMINUM DELRIN ALUMINUM DELRIN ALUMINUM DELRIN 
BOTTOM 20 57 55,4 0,06 1,2 0,61 14,9 
ROUND 10 13,5 13,5 0,02 0,5 0,03 0,7 
CUT 30 53,7 53,3 0,05 1,2 0,59 14,9 
CONJUNCTURE / 77 45 0,07 1,4 0,001 2,1 
HIGHEST 
STRESS POINT 
/ 96,3 97,5 0,099 2,3 0,09 2,1 
 
The values of tension are the same for both materials in the cut, round, bottom faces and at the 
point where there is the highest stress value. However, the aluminum housing has a breaking point 
at 275 MPa, the Delrin has his at 63MPa. Due to this breaking point of this the safety factor for 
Delrin is less than 1, the minimum value allowed.  
A round surface permits an even distribution of the pressure, the tension is higher on flat faces 
(about 50/60 MPa) than on the round face (13 MPa). The highest stress point is in the internal 
bottom face near the conjuncture with the cut face, shown in figure 25. This is due to the two flat 
faces not evenly distributing the pressure. Along the internal round face the pressure is evenly 
distributed although it increases near the cut face, also due too flat faces distribution of pressure. 
The analysis shows that Delrin is weaker than aluminum and is more prone to tension and 
deformation. The problem for the Delrin housing is not only in the highest stress point but also in the 
other faces. The endcap behavior is good for both materials due to its thickness. This is necessary to 
support the frame holding the electronic equipment and the battery.  
Starting from this first analysis it was decided to increase the thickness of the walls for the Delrin 
housing, in order to allow the resistance of the pressure, and decrease the walls thickness of 
Aluminum housing to decrease its weight. After several analysis the right combination between 
thickness and weight for both materials was found, shown in table 6. 
Table 6. Final analysis for Aluminum (top) and Delrin (bottom) 
ALUMINUM 
WALLS (FACES) THICKNESS 
[mm] 
TENSION 
 [MPa] 
DEFORMATION 
 [%] 
DISPLACEMENT  
[mm] 
WEIGHT 
[kg] 
PRICE 
 [€]  
BOTTOM 15 103 0,07 1,5  
 
 
58,4 
 
 
 
92,86 
ROUND 5 34 0,04 0,05 
CUT 30 54 0,05 0,6 
CONJUNCTURE / 107 0,09 0,2 
HIGHEST 
STRESS POINT 
/ 160 0,16 0,2 
 
DELRIN 
WALLS (FACES) THICKNESS 
[mm] 
TENSION 
 [MPa] 
DEFORMATION 
 [%] 
DISPLACEMENT  
[mm] 
WEIGHT 
[kg] 
PRICE 
 [€]  
BOTTOM 50 26 0,6 5,3  
 
 
51,2 
 
 
 
162,3 
ROUND 15 9 0,3 0,6 
CUT 30 19 0,5 3,2 
CONJUNCTURE / 31 0,9 1,2 
HIGHEST 
STRESS POINT 
/ 43 1,1 1,2 
 
The final material was chosen based on the cost determined from the dimensions used in the 
analysis in table 6. Aluminum proved to be the cheaper option so it was determined the housing 
should be made of aluminum. The cut face has a thickness of 30 mm to provide the closure of 
endcap with the body enough space. In this space there must be the space for two threaded holes 
with relative screws, so the thickness cannot be decreased. Shown in figure 25 is the behavior of the 
definitive aluminum cut housing. It shows the tension, deformation and displacement. As explained 
previously the highest displacement is in the bottom of the housing while the deformation is guided 
by the tension. 
 
   
 
     
Figure 25. Tension analysis for cut housing shape (top) displacement (bottom left)  
deformation (bottom right) 
Shown in figure 26 is the endcap design which does not have any issues, due to its thickness. There 
are no problems with the amount of deforemation on the endcap, even around holes created for the 
hydrophone and pressure valve. Although the deformation at the boundary is a bit higher it will not 
cause any problems. 
       
Figure 26. Tension analysis of endcap (left) deformation analysis (right) 
Cylinder 
Analysis on the cylinder housing was done in the same way like cut housing. In the cylinder only two 
parameters can be modified, the round face and bottom face thickness. In the first analysis the 
dimensions are the same for aluminum and Delrin (bottom face = 20 mm and round face = 10 mm). 
Similar to the cut shape the aluminum housing can easily resist the tension and the Delrin housing 
yields. The round face guides the pressure in a perfect and homogeneous way while in the bottom 
face the tension is higher. In the cylinder the highest stress value is in correspondence of the 
conjuncture between the bottom face and the round face. In the Delrin cylinder the housing yields at 
this point. The tension produced is the same, but the deformation is much higher for the Delrin. 
Similar to the cut shape it is necessary to increase the thickness of the walls for the Delrin housing, 
and it is possible to decrease the thickness for aluminum housing. After several analysis the optimal 
dimensions for the cylindrical shape was found, shown in table 7. 
Table 7. Analysis for cylindrical housing shape using aluminum (top) and Delrin (bottom) 
ALUMINUM 
WALLS (FACES) THICKNESS 
[mm] 
TENSION 
 [MPa] 
DEFORMATION 
 [%] 
DISPLACEMENT  
[mm] 
WEIGHT 
[kg] 
PRICE 
 [€]  
BOTTOM 15 168 0,1 1,8  
48,7 
 
 
 
73,5 
 
 
ROUND 5 33 0,04 0,1 
CONJUNCTURE / 247 0,2 0,1 
 
DELRIN 
WALLS (FACES) THICKNESS 
[mm] 
TENSION 
 [MPa] 
DEFORMATION 
 [%] 
DISPLACEMENT  
[mm] 
WEIGHT 
[kg] 
PRICE 
 [€]  
BOTTOM 50 17 0,4 2  
 
39,22 
 
 
124,3 
ROUND 10 16 0,5 1,4 
CONJUNCTURE / 37 1,02 1,1 
 
  
All results show that both materials are acceptable, but aluminum was selected for the cylindrical 
shape since it is more cost effective the Delrin. Figure 27 visualizes the tension, deformation and 
displacement for a cylindrical housing made from aluminum. 
   
 
  
 
Figure 27. Tension analysis for cylindrical housing shape (top) displacement (bottom left)  
deformation (bottom right) 
Similar to the cut housing design there were no issues with the endcap due to its thickness. The 
thickness is 60 mm, the same as the cut housing design.  
Finally for Project ECHO’s purpose aluminum is better than Delrin because is stronger and cheaper. 
With the same amount of material Delrin yields, it is lighter but has to be thicker in order to 
withstand the pressure. This increases the price and weight.  
Cylinder and cut shape comparison  
The cylinder and cut shape can resist depths up 150 meters in the sea, exceeding expectations 
required by the project specifications. Both, cylinder and cut shape, have the same values of 
thickness for the round wall (5 mm) and for bottom flat wall (15 mm). The internal diameter and 
length are the same as well. The external and internal volumes of cut shape are lower than cylinder. 
In table 8 the results are compared: 
  
Table 8. Comparison of cylindrical and cut housing designs 
WALLS 
(FACES) 
CUT SHAPE CYLINDER 
 TENSIO
N [MPa] 
DEFORM
. 
 [%] 
DISPLACEMEN
T 
 [mm] 
TENSIO
N 
[MPa] 
DEFORM
. 
[%] 
DISPLACEMEN
T 
 [mm]  
BOTTOM 103 0,07 1,5 168 0,1 1,8 
ROUND 34 0,04 0,05 33 0,04 0,1 
CONJUNCTUR
E 
107 0,09 0,2 247 0,2 0,1 
CUT 54 0,05 0,6 / / / 
STRESS POINT 160 0,16 0,2 / / / 
WEIGHT [kg] 58,4 48,7 
COST [€] 92,86 77,4 
 
 
The tension in the round faces is the same but in bottom face and the conjuncture between bottom 
face and round face the tension of cylindrical shape is higher. This was an unexpected result since it 
seemed that the behavior of cylinder would be better. This may be a result of the cylinder having 
more surface area on the bottom. It seems the cut face (30 mm thick) in the cut housing helps to 
absorb tension. The highest stress value in the cut shape is in the bottom face near the flat surface. 
In the middle of the bottom face the tension is higher in the cylinder but other points near the 
boundaries the behavior is better in the cylinder, lower tension. In order to understand and verify 
this situation an analysis on a cut shape was done with the cut face 15 mm thick. Comparing these 
results made it be possible to understand the behavior of the housing. Results of this new shape are 
shown in table 9. 
Table 9. Analysis for 15 mm thick housing 
WALLS (FACES) CUT SHAPE (15mm) 
 VON MISES (MPa) DEFORMATION 
(%) 
DISPLACEMENT 
(mm) 
BOTTOM 100 0,0006 1,2 
ROUND 31 0,0004 0,1 
CONJUNCTURE 50 0,0009 0,17 
CUT (15mm) 218 0,001 5 
STRESS POINT 196 / / 
WEIGHT [kg] 47,8 
COST [€] 76 
“Cut-30 shape” has a stiffer/stronger cut face, than”Cut-15 shape”, in the conjunction between the 
round face and the bottom face. This could cause an increased deformation towards the 
thinner/weaker bottom face for cut-30. The value for cut-15 is very low, so some of the stresses may 
be absorbed by the cut face (both 15 mm). For the cylinder, in the same conjuncture, the larger 
surface with less material support causes higher stress values, the thicker cut shape has less 
deformation. The cylindrical shape is guiding all the stress perfectly around its surface leading to 
more or less equal values except when getting near the boundaries at the cut face. The tension in 
the cylindrical design is higher in the conjuncture since there is no flat surface to absorb the tension. 
A cylindrical shape with the same interior volume would perform better than the cut shape but, with 
these dimensions, the cut shape has a better behavior with lower values of deformation and 
tension.  Even if the volume of the cut shape is lower, it weighs more since there is more material in 
the cut face (30 mm). This is demonstrated by the “cut-15 shape” weighing 47,8 kg, 11 kg less than 
the “cut-30”. The weight of the “cut-30” shape and the relative price of the material is very close to 
the cylinder. As a result the cut housing is a viable alternative to the cylindrical shape when the 
housing has to be deployed directly on to the seafloor. The equipment would be easier to install in 
the cut housing as well, taking advantages of the flat plane created from the cut face. Figure 28 
shows the complete assembly of the cut housing design. 
 
Figure 28. Complete assembly of the cut shape design 
6.6 Deployment and Retrieval 
The underwater housing will be deployed by placing it in the sea and having its weight cause the 
housing to sink. In order to accomplish this the housing must have a higher density than the density 
of water. The total weight of the housing was calculated with the weights of all components (body, 
endcap, internal frame, battery, electronics, electronic case, valves, connector and cables). Shown in 
table 10 is the weight volume and density of the two housing designs compared with the density of 
water. 
Table 10. Weight, volume and density of housing designs comparison 
 CYLINDER CUT HOUSING WATER (4 °C) 
WEIGHT [kg] 108,97 118,52 / 
VOLUME [m3] 0,111137 0,0997 / 
DENSITY [kg/m3] 980,5 1188,3 1000 
 
Shown in table 10 the density of the cut housing is higher than the density of water whereas the 
density of the cylindrical design is not. This is due to the fact that the cut housing is heavier than the 
cylindrical design, resulting less volume but giving it the ability to sink. For the cylindrical design a 
rectangular weight (200 x 150 x 10 mm for 3,3 kg) made of lead must be added. The extra weight 
gives the cylinder a density of 1010,2 kg/m3, allowing the housing to sink. Figure 29 depicts where 
the weight will be stored within the housing. 
 Figure 29. Storage of the Lead Weight on the Internal Frame 
The weight of the cut housing is close to the neutral, this makes it a requirement to add an extra 
weight. The extra weight ensures that the housing will sink and stays put on the seafloor. This weight 
can be positioned in the space between the battery and the housing. 
The method chosen to retrieve both of the housings is an acoustic release system since it is the 
cheapest and the easiest to use. An acoustic release is a device connected to the recording system 
that waits to receive an acoustic signal. The acoustic release and a buoy will be connected to the 
housing with rope. When the deployment period finishes the acoustic release system is will wait for 
an acoustic command. Once the signal is received it will release the buoy that will bring a rope 
fastened to the housing to the surface. With this rope, connected to the housing it will be possible to 
retrieve it. For the cut shape the rope will be connected to the handle mounted on the endcap 
shown in figure 19 
Figure 30 shows an acoustic release. Shown in figure 31 is an illustrated example of how an acoustic 
release system works. 
 
Figure 30. Acoustic Release System Example [10] 
 Figure 31. Illustrated Acoustic Release System Example [11] 
The cylinder can be deployed in any environment so there is potential for it to be caught in 
fisherman nets. In order to avoid this problem the cylinder will be mounted on a TRBM (Trawl 
Resistant Bottom Mount) with the acoustic release and the buoy such is shown in figure 32. 
        
Figure 32. Trawl Resistant Bottom Mount with Acoustic Release (Mooring systems) 
The shape of this structure (a truncated rectangular fiberglass) does not permit the grounding with 
fishermen nets. On the top surface of the cover there are holes that permit the buoy go out when it 
is necessary to retrieve the housing and the allows the hydrophone to be exposed to the 
environment. 
6.7 Manufacture 
Due to time restraints the manufacturing process could not be fully researched but several potential 
techniques were found. Aluminum can be molded which would permit all dimensions with the right 
tolerances. This is also a cheap working process. The endcap and body, however, would have to be 
machined separately. In order to machine holes and threaded holes is possible use lathes and 
cutting/milling bits. Aluminum is a good material for these kinds of operations. With aluminum it is 
even possible to close the full housing by means of welding.  
Finally aluminum has to be anodized or hard coated. Anodizing is an electrolytic passivation process 
used to increase the thickness of the natural oxide layer on the surface of metal parts. Anodizing 
increases resistance to corrosion making it an ideal solution for Project ECHO. Anodizing is also used 
to prevent galling of threaded components and to make dielectric films for electrolytic capacitors. 
Thick coatings are normally porous, so a sealing process is often needed to achieve corrosion 
resistance. Anodized aluminum surfaces, for example, are harder than aluminum but have low to 
moderate wear resistance that can be improved with increasing thickness or by applying suitable 
sealing substances [12]. 
6.8 Summary 
The objective for the mechanical portion, was to model a sealed and waterproof underwater 
housing in order to store the monitoring system with the power supply. The main task was to create 
a housing that is possible to deploy directly on the seafloor. Generally underwater housing have a 
cylinder shape but they cannot deploy on the seafloor so was decided to cut a cylinder to create a 
flat. It is possible to deploy the “cut-housing” on this flat. This gives a good stability and does not 
permit housing moves around on the seafloor. Also a classic cylinder housing was modeled to 
compare the differences with the cut housing. The internal dimensions are the same and they are 
modeled on the size of electronic equipment and power supply. A Finite Element Analysis was made 
to define the right walls thickness and choose the most suitable material between an aluminum alloy 
and a plastic material called Delrin. Finally was made an analysis about the sinking of the housings. 
Due to time restrictions was not found a precise way to manufacture the housing but were 
mentioned some possible techniques. 
  
7. Future Advancements 
During the future advancement of the housing subproject a way to manufacture and deploy the 
housings must be researched. In order to find the cheapest and most feasible manufacture 
technique, it is necessary to discuss the dimensional tolerances with a machine-shop. With the 
drawings it will be possible to choose the right machines, to create every part and feature. The 
cylinder housing will be deployed in a special structure called TRBM (Trawl Resistant Bottom Mount), 
as a result the future advancement includes modelling the clamps and frames to the right size. In 
addition it will be necessary to define the TRBM with the space for the acoustic release and the buoy 
used to retrieve the assembly. For the cut housing it will be necessary to check if the housing will 
land on the flat surface. During these tests the weight distribution should be defined. To make sure 
the housing does not collapse under water a full scale test should be performed. 
 
For the remote control subproject the design of the remote control has been completed. It should 
however still physically be tested with the user. During these tests the grip and button placement 
should be reviewed. Seeing that a previous test showed that the use was clear, the tests should be 
focussed on comfort. Besides the testing and designing, the development should be researched. 
Thinking about the best way of designing the remote to be waterproof and still keep the design. The 
manufacturer can start with the fabrication of the two separate parts of the case, these are easy to 
form using a molding process. The holes can be drilled in and sanded down.   
 
The future advancement of the electronics subproject requires the completion of the program 
allowing the receiver to receive data. To complete the program for the ALPHA TRX433S it is 
recommended to review the driver written by simpleaver [8]. This code provides an example that 
integrates a MSP430 with a similar transceiver to the ALPHA TRX433s. After there is transmission 
between the two transceivers, protocol for sending data between the housing and remote control 
must be established. Provided by this project is a basic protocol but due to the transceivers not 
being functional it could not be tested. 
  
 8. Conclusion 
During the last few months Project ECHO’s team has been working to simplify the deployment of 
underwater housings. The team divided the project into four subprojects, all with their own 
objectives that had to be completed.  
For the remote control all the objectives were met and even exceeded. The remote control was 
designed to be user-friendly. This means that all the components were chosen and designed to be 
operated in the dark and light with or without gloves on. The cycle of the display has been designed 
to be clear without knowing how to use the remote. A prototype of the remote control was 
developed, this prototype however has not been tested with the users and this could change the 
appearance.  
The objectives for the electronics subproject were not fully met. The objective for the electronics 
portion was to create bidirectional communication between the underwater monitoring system and 
remote control. Bidirectional communication was created by using two microcontroller transceiver 
pairs. The microcontrollers would use the transceivers to send data wirelessly. The current state of 
the subproject allows data to be transmitted through a transceiver but not received. Although 
expectations for the subproject were not fully met, protocol, example programs and 
recommendation for further advancement were provided so the project could be completed easily 
at a later time. 
 
The lithium-ion battery was chosen as the housing power supply since it is environmentally friendly 
and able to power the system for at least six months. The battery is 490,22 x 266,7 x 228,6 mm and 
with a weight of 42,18 Kg it is easy to transport and fit in the housing. All these elements together 
make that the objectives for the battery are met.   
 
There are two different housings designed, both seal of the contents from the surroundings with an 
endcap that is attached by the means of bolts and nuts. Both of the housings are modeled using a 
3D-modeling software. The material to use was tested by applying forces on the housing with 
different material through an analysis program. After the analysis aluminum was selected as the 
material for both housing designs. Aluminum provides the best solution to having the housing resist 
depths of up to one hundred meters, this meets the last objective of the housing.  
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Appendix A: Component list for the remote control 
 
Purpose Component Name Website 
Holding 
batteries  
Battery holder  
 
KEYSTONE  2482  
BATTERY HOLDER, 
LEADED, 4 AAA 
http://nl.farnell.com/keystone/2482/
battery-holder-leaded-4-
aaa/dp/1650687  
Turning the 
remote on/off 
 
MULTICOMP  R13-
608A1-02-BB-9A  
SWITCH, SLIDE, 
ON-OFF, SPST 
http://nl.farnell.com/multicomp/r13-
608a1-02-bb-9a/switch-slide-on-off-
spst/dp/1634609  
Turning on/off 
bouy 
 
Red IP67 SP-NO 
Panel Mount 
Momentary 
Illuminated Push 
Button Switch, 
200 mA@ 42 V dc 
http://uk.rs-online.com/web/p/push-
button-switches/5350596/ 
Ok button 
 
1241.1104.7.095 http://www.farnell.com/datasheets/
1830687.pdf  
Left 
 
1846.3201 http://www.farnell.com/datasheets/
624890.pdf   
Right 
 
1846.3201 http://www.farnell.com/datasheets/
624890.pdf  
 
 
  
Appendix B: Display flow chart 
 
Appendix C1: Pin diagram for the underwater housing 
 
Appendix C2: Pin diagram for the Remote Control 
  
Appendix D: Flow chart for the UART testing program 
 
 
  
Appendix E: UART testing code
 
Appendix F: Sending data through the transceiver code 
 
  
 
 
 
 
 
Appendix G: Digital Schematic circuit 
  
Appendix H: List of components for the underwater housing 
CYLINDER HOUSING 
COMPONENTS DENOMINATIONS QUANTITY MATERIAL 
BODY  1 ALUMINUM 6061-T6 
ENDCAP  1 ALUMINUM 6061-T6 
FRAME  1 PVC 
PRESSURE RELIEF 
VALVE 
 1 STAINLESS STEEL 
CONNECTOR  1 PLASTIC 
BATTERY LITHIUM 1  
LID BATTERY  1 PVC 
CASE ELECTRONIC  1 ALLUMINUM 6061-T6 
LID ELECTRONIC  1 ALLUMINUM 6061-T6 
BALLAST  1 LEAD 
HEXAGONAL SCREW AB-ISO 4017 M16X30 6 STAINLESS STEEL 
HEXAGONAL SCREW AB-ISO 4014 M3X20 4 STAINLESS STEEL 
HEXAGONAL SCREW AB-ISO 4014 M6X30 4 STAINLESS STEEL 
HEXAGONAL SCREW AB-ISO 4014 M16X80 10 STAINLESS STEEL 
CYLINDER SCREW ISO 14580 TORX 6 STAINLESS STEEL 
NUT  C - ISO 4034 M16 10 STAINLESS STEEL 
WASHER ISO 10669 M3 4 ABS 
WASHER ISO 8738 M27 1 ABS 
WASHER A-ISO 7090 M16 20 ABS 
O-RING  2 BUTYL 
 
CUT HOUSING 
COMPONENTS DENOMINATIONS QUANTITY MATERIAL 
BODY  1 ALUMINUM 6061-T6 
ENDCAP  1 ALUMINUM 6061-T6 
FRAME  1 PVC 
PRESSURE RELIEF 
VALVE 
 1 STAINLESS STEEL 
CONNECTOR  1 PLASTIC 
BATTERY LITHIUM 1  
LID BATTERY  1 PVC 
CASE ELECTRONIC  1 ALLUMINUM 6061-T6 
LID ELECTRONIC  1 ALLUMINUM 6061-T6 
HEXAGONAL SCREW AB-ISO 4017 M16X30 6 STAINLESS STEEL 
HEXAGONAL SCREW AB-ISO 4014 M3X20 4 STAINLESS STEEL 
HEXAGONAL SCREW AB-ISO 4014 M6X30 4 STAINLESS STEEL 
HEXAGONAL SCREW AB-ISO 4014 M16X80 7 STAINLESS STEEL 
HEXAGONAL SCREW AB-ISO 4017 M16X55 2 STAINLESS STEEL 
CYLINDER SCREW ISO 14580 TORX 6 STAINLESS STEEL 
NUT  C - ISO 4034 M16 7 STAINLESS STEEL 
WASHER ISO 10669 M3 4 ABS 
WASHER ISO 8738 M27 1 ABS 
WASHER A-ISO 7090 M16 16 ABS 
O-RING  2 BUTYL 
Appendix I: Aluminium characteristics 
ALUMINUM 6061 – T6 
PROPERTY VALUE UNIT 
YOUNG MODULUS 69000 MPa 
POISSON’S 
COEFFICIENT 
0,33 / 
YIELD POINT 275 MPa 
THERMAL EXPANSION 
COEFFICIENT 
2,4 e-005 /°C 
MASS DENSITY 2700 Kg/m3 
HARDENING FACTOR 0,85 / 
THERMAL 
CONDUCTIVITY 
237 W/(m*K) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix J: Mechanical drawings for the cut-shape housing 
 
 
 
Appendix K: Mechanical drawings for the cylindrical housing 
 
 
   
Appendix L: Pin diagram for the total distribution of pins of the microcontroller of the underwater housing 
 
 
